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Key messages

¢ Climate change should routinely be integrated with fiscal risk and debt sustainability
analyses, including analyzing the benefits of adaptation for fiscal space, fiscal resilience, and
sovereign credit ratings.

¢ Ministries of Finance can actively investigate how the cost of capital for sovereign financing
instruments could be reduced through investment in adaptation, including appropriate
disaster risk financing strategies and opportunities for labeled bonds and sustainability-
linked sovereign finance.

¢ FEnding counterproductive expenditure, including climate damaging subsidies, should
become a priority for all stakeholders involved in planning and implementing climate-
compatible public finance across the world.

e Furthermore, a case study shows that avoided costs in terms of reduced borrowing costs
and lower probability of default by sovereigns could significantly outweigh the necessary
initial investments in climate adaptation.

Background

Investment in resilient and sustainable infrastructure stimulates new jobs, trade, growth, and access
to water, energy, education, and healthcare. A tremendous opportunity for inclusive pro-poor
development, it can contribute to more than 92% of the UN Sustainable Development Goals (SDGs)
targets (Thacker et al., 2021; UNEP, 2023). Still, new infrastructure investments of well over USS1
trillion per year are needed until 2040 to achieve the SDGs (High-Level Expert Group on Scaling up
Sustainable Finance in Low- and Middle-Income Countries, 2024). The bulk of this finance (70%) is
required for investments in emerging and developing economies (EMDEs), which not only are the
focus of the human development agenda but also bear the brunt of climate change.

Climate-related disruptions to infrastructure already cost EMDEs an estimated USS390 billion per year
(Hallegatte et al., 2020), and will almost certainly increase further in the coming decades unless
climate mitigation and adaptation pick up significantly. “Business as usual” would significantly afflict
the poorest, curtailing their incomes and access to basic services, and potentially setting back
decades of progress on poverty alleviation (Weikmans, 2023; Dang et al., 2024). The costs of
disruption to infrastructure assets can also strain fiscal budgets and reduce productivity, with knock-
on effects for growth, investment, and poverty alleviation (Ranger et al., 2021). Making infrastructure
resilient early on is particularly important, given the long lifespan of infrastructure and the locking-in of
direct and indirect impacts for many decades to come (Hall et al., 2016).

Several authors (Thacker et al., 2021; UNEP, 2023; Hallegatte et al., 2019; Hall et al., 2019; Bassi et al.,
2021; Rozenberg and Fay, 2019) have pointed to the significant fiscal benefits of investment in
resilient and sustainable infrastructure, in terms both of reduced costs (e.g., of reconstruction,
recovery, disruption to critical services, and taxation) and long-term macroeconomic trajectories (e.g.
high employment and growth rates). The public sector plays multiple roles that are critical in this
respect, e.g., financier, regulator, catalyst, and policymaker. This contribution focuses on the specific
roles MoFs can play, in coordination with other stakeholders, to enable adaptation through targeted
fiscal spending in adaptation-relevant infrastructure. These insights are discussed in greater detail in
two recent reports by the University of Oxford, one commissioned by the UN Environment Programme
as part of an ongoing collaboration on Sustainable Fiscal Policy (Ranger et al., 2025), the other
supported by the UK Centre for Greening Finance and Investment and the Oxford Martin School
(Bernhofen et al.,, 2024).

A false dichotomy

Despite the convincing fiscal case for investing in resilient and sustainable infrastructure, current debt
sustainability analysis (DSA) frameworks build on the tacit assumption that there is a dichotomy
between debt sustainability and adaptation investment. As a result, several countries note difficulties
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with investing in adaptation under current debt ceilings. This analysis provides countervailing evidence
of sizable synergies between adaptation investment and debt sustainability. To make fiscal
frameworks fit for the challenges of the 21st century requires a more thorough treatment of physical
risks and adaptation within DSA, and an exploration of the potential to reduce the cost of capital in
sovereign financing where this is linked to adaptation.

The adaptation investment trap

Consider the adaptation investment trap depicted in Figure 1. The blue cycle indicates how rising
costs of climate-related disasters increase debt and in some cases lead to debt distress (Volz et al,
2020). This creates a poor investment environment and higher cost of capital for affected countries,
which in turn constrains investment in climate adaptation. This leads to greater climate vulnerability
and still higher losses from climate-related disasters, further exacerbating debt sustainability and
further deteriorating the investment environment. The red arrows indicate an additional feedback loop,
based on rising emissions leading to increased transition risks and a failure to capture green
opportunities, that reinforces the vicious cycle.

To escape this trap, climate and adaptation spending should be incorporated into fiscal risk and debt
sustainability analyses so that it counts as an investment in future sovereign finance ability rather than
an unequivocal burden on the public budget. This is justified because investments in insurance and
adaptation can help offset debt sustainability challenges in the medium term.

Figure 1. The adaptation investment trap
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Case study

Recent estimates for Thailand—one of the countries most exposed to river flooding in the world —
suggest that additional investments in building codes, infrastructure resilience, and insurance
penetration could decrease the probability of sovereign default following a 1-in-500-year flood in 2050
by 3.5% relative to a high-emissions scenario (RCP 8.5). In terms of credit ratings, this is equivalent to
the difference between a 1.5 and a 3.16 notch downgrade. For a 1-in-500-year tropical cyclone, the
same investments would limit the downgrade to 0.86 rather than 1.3 notches. A similar analysis of an



upper middle-income small island state yields similar results, indicating that hypothetical insurance
could absorb up to 50% of losses from a 1-in-250-year fluvial flood event (Ranger et al., 2025).

Climate-sensitive Debt Sustainability Analysis

MoFs, World Bank and IMF staff commonly model the impact of shocks and stressors on debt
sustainability using Debt Sustainability Analysis (DSA) and the Sovereign Risk and Debt Sustainability
Framework (SRDSF) alongside the IMF-World Bank Debt Sustainability Framework for Low Income
Countries (LIC DSF) (IMF, 2022a). There are several examples of climate change being incorporated
into DSAs using these frameworks, for example, in Vanuatu and Timor-Leste (IMF, 2019, 2022b).
SRDSF and LICDSF include two aspects of relevance to understanding climate risks: medium-term
risk assessment to capture specific risks facing countries that are not fully captured, including natural
disasters, and long-term risk assessment, which covers risks of debt-related stress that could
materialize after five or more years.

One of four optional modules included in the SRDSF to help users analyze key issues that could drive
debt-related risks well into the future deals with the “consequences of adaptation and mitigation
investments to combat climate change” (IMF, 2022a). This scenario-based inclusion of climate
change within the SRDSF (and the LIC DSF) toolkit is, however, simplistic and constructed based on
the assumptions entered by users. Only a few of the transmission channels are captured in the
standardized scenarios, and the inclusion of climate change’s physical impacts is too narrow, not
accounting for changes in climate risk over time or the potential for higher impact events. These
challenges undermine the validity of DSAs.

Economic models matter

To be useful for DSAs, economic models need to capture the complex interactions between the
economy, climate impacts, government budgets, adaptation, and mitigation investments. There are
significant and well-known uncertainties in the projections of the effects of climate change on the
macroeconomic variables utilized in DSAs, driven by the uncertainties in the trajectory of
socioeconomic development globally and the resulting national and global emissions, as well as the
response of the global climate, the impacts on natural, social and economic systems, and our societal
responses to these (i.e. adaptation). A further source of uncertainty is the prediction of the interaction
with the economy at micro- and macro-levels, and knock-on effects across the financial system and
government fiscal balances (Ranger et al., 2022, 2023).

Integrated assessment models (IAMs), and aggregate ones in particular, present an incomplete
picture of the impacts of climate change, even relative to other types of macroeconomic models (see
Appendix) (Monasterolo et al., 2022). Several aspects, including extreme weather shocks (Stern 2016),
biodiversity links (Dasgupta 2024), migration, crop yields, and social instabilities in exposed regions
are missing, as is the potential for cascading and compounding risks or nonlinear effects (Hepburn
and Farmer, 2020; Farmer et al., 2015). Thus, the current standard economic toolkit is not well-suited
for analyzing the economic, fiscal, and financial impacts of climate change (Monasterolo et al., 2022;
Johnson et al., 2021; Ranger et al., 2024; Volz and Ranger 2024, Battiston et al., 2021; Bressan et al.,
2024).

From harmful subsidies to investments in prosperity

Despite the promise of fiscal win-wins from investing in adaptation, previous analyses show that
current fiscal practices tend to be counterproductive, on balance. While a lot of public expenditure,
such as subsidies for fossil fuels or agricultural production, actively deteriorate the climate and nature
risk landscapes, only a small fraction of fiscal outlays aligns with adaptation and resilience goals
(Spacey Martin and Ranger, n.d.; Sadler et al., 2024). This mismatch points to opportunities for
leveraging existing standards and frameworks and highlights the potential of taxonomies in this
respect (Spacey Martin et al., 2024; Marotta et al., 2023; Batten 2018). Resilience and nature must be
further integrated within sustainable budgeting approaches, project procurement and appraisal, using
approaches such as the one designed by University of Oxford and UNEP (2024).
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A study published in 2023 provided “climate-smart” sovereign credit ratings for the first time, finding
that over 50 countries could experience climate-induced downgrades as early as 2030. By 2100, nearly
three-quarters of the analyzed countries would experience downgrades, with an average downgrade of
2.18 notches in a high-emission (RCP8.5) scenario (Klusak et al. 2023). Since the climate impacts in
this study are based on derived relationships between temperature variability and GDP growth (Kahn
et al,, 2021), these estimates relate to economic impacts of climate change in aggregate but fall short
of capturing the effects of extreme events (such as floods or tropical cyclones). This means that these
estimates of sovereign climate credit risk may be underestimating the actual risk (Bernhofen et al,
2024).

An analysis of the fiscal impacts of earthquakes and floods and the benefits of adaptation
infrastructure investments in a low-income African economy serves as an example of how DSA can be
made more sensitive to physical climate risks, including from extreme events. After calibrating a
dynamic general equilibrium model (Aligishiev et al., 2022, 2023) to match the country’s
macroeconomic profile, two main public infrastructure investment options are considered: standard
and adaptation infrastructure; the latter is more expensive than its counterpart but has a lower
depreciation rate and higher rate of return on investment (Marto et al, 2018; Melina and Santoro,
2021). For each option, it is assumed that the Government invests 1.0% of GDP into its respective
infrastructure options for the first five years before the disaster occurs and uses the public domestic
and external commercial debt to cover the fiscal gap.

The direct damages of earthquake and flood events (for, both, 1-in-10- and 1-in-1,000-year return
periods) are estimated based on a fully probabilistic model that can estimate the economic impacts of
climate risks to infrastructure (CDRI, 2023). When a disaster occurs, it affects the economy via three
channels: destroying public infrastructure assets, destroying private assets, and reducing the total
factor productivity. The results suggest that in the case of earthquakes between 0.2% and 2.8% of the
total post-disaster public debt could be mitigated through adaptation infrastructure investment, and in
the case of flooding between 0.2% and 0.4% could be mitigated. Considering only capture direct
damages are captured and government investment in adaptation infrastructure is limited to 1% of
GDP per year, estimates of the fiscal benefits are likely rather conservative (Ranger et al., 2025).

The Thailand case study (Bernhofen et al., 2024) was also extended using the same methodology,
combining a flood risk and adaptation model, a macroeconomic model (Aligishiev et al., 2023), and a
model of sovereign credit risk under climate change (Klusak et al., 2023). A 1-in-100-year event today
would lead to GDP losses of nearly 3%, which could be linked to a single notch downgrade in
Thailand's sovereign credit rating. In the future, the same probability event would lead to GDP losses
of between 3.7% and 4.5%, resulting in a simulated two-notch downgrade. A two-notch downgrade
would increase Thailand's probability of default by 4% and lead to increased interest payments of
around USS1.9 billion a year. For a rare 1-in-1,000-year return period flood, Thailand's sovereign credit
rating risks falling below the investment grade, with GDP losses exceeding 6.5%.

These sovereign rating impacts exceed the chronic impacts of climate change estimated by previous
studies (see, for example, Klusak et al., 2023) and would likely be additional, resulting in amplified
rating risks. This analysis demonstrates the critical importance of accounting for acute climate
shocks and leads us to propose the use of probabilistic models and scenarios within sovereign credit
risk. The same analysis also shows that additional adaptation investments can reduce average annual
future losses from flooding by up to USS9.5 billion (a 64% decrease). They could also significantly
reduce the losses of extreme events. Adaptation would lead to avoided losses of up to USS30 billion
and USS$48 billion for a 1-in-100-year and a 1-in-1,000-year flood, respectively. This underpins our case
for actively considering climate risks, including those from extreme events, in DSA frameworks, and
reframing fiscal spending on climate adaptation as profitable investments. Debt limits should,
therefore, differentiate them from other outlays that do not exhibit the same long-term fiscal benefits.



Conclusion

This contribution identified several priorities that are relevant for MoFs in different contexts and may
prove transformative in the transition toward more resilience and sustainable growth in EMDEs. First,
no additional harm should come from fiscal policies, and thus, harmful subsidies should be phased
out as a matter of priority. Second, MoFs can effectively lead efforts to address the false dichotomy
that pitches adaptation-spending against fiscal prudence. Thereby, they would ensure that their
countries stay clear of the adaptation investment trap.

MoFs are in a unigue position to coordinate a structural shift in the norms surrounding DSA and
should make use of their influence to ensure that future standards take climate mitigation and
adaptation, as well as social equity and inclusion, into consideration. Quantifying what a country is (or
is not) doing to adapt to climate change and reflecting this in a future stress test of key metrics could
help incentivize more investment toward adaptation by showing the investment case for adaptation
pathways over time. Initial findings indicate that avoided costs (in terms of reduced borrowing costs
and lower probability of default) could significantly outweigh the initial adaptation investments
(Bernhofen et al., 2024).

Indeed, not including avoided costs, and not fully representing the risks, could create a disincentive for
adaptation investment. Information on how countries’ risks change with climate change, and what this
means for their debt and cost of capital, helps MoFs to chart a roadmap for investment over time to
manage risks effectively. The examples briefly described here indicate how this can be achieved, even
using the relatively limited toolkit currently available to practitioners. Of course, MoFs can also play an
active role in the funding, development, and popularization of new tools that are better suited to
integrate DSA with cross-cutting issues such as climate risk and resilience.

This material has been produced with support from the Climate Compatible Growth (CCG) program,
which brings together leading research organizations and is funded by UK aid from the UK
government.
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Appendix. Comparison of climate-economy model types

Representation
of the economy

Representation

of non-
economic
systems

Carbon price

Use for cost-
benefit analysis

Geographic
resolution

Explicit
accounting for
carbon budget

Sector
granularity

Dynamic
Stochastic
General
Equilibrium
(DSGE)

Detailed

Calibrated on
sector data at
country and

Computable
General
Equilibrium
(CGE)

Varied

Dynamic CGEs
calibrated on
granular sector

Stock Flow
Consistent
(SFC)

Detailed

Dynamic balance
sheet
assessment with

Process-based
Integrated
Assessment
Models (IAMs)

Aggregated

Ramsey-style
long-term
economic

Aggregated
Integrated
Assessment
Models (IAMs)

Aggregated

Ramsey-style
long-term
economic

regional levels. data at country endogenous growth model. growth model.
Market-clearing and regional shocks. Market clearing Market clearing
prices, levels. Market- Heterogenous prices, prices,
representative clearing prices, agents and representative representative
agents with representative adaptive agents. No agents. No
forward-looking agents with expectations. finance. finance.
expectations. forward-looking Out-of-
Finance treated expectations. No | equilibrium
as exogenous finance. dynamics.
frictions. Financial agents
and market,
macro-financial
feedback.
No No Yes Yes Limited
Some models Some models Agriculture, Agriculture, land- | Climate system
might embed might embed energy use, energy,
greenhouse gas greenhouse gas water, and
emissions from emissions from climate systems
production production
Exogenous/ Exogenous/ Endogenously Marginal Social Cost of
assumed assumed generated Abatement Cost | Carbon (SCC)
(MAC)
No Yes Yes No Yes
Used to build Comparison of Climate
economic policy costs damages
intuition (socioeconomic, | calculated
financial) and co- | separately
benefits
Global— Regional— Regional— Global—Regional | Global-Regional
Regional— n n
cglona Country Country Country available
Country
through
additional
downscaling
No No No Yes No
Limited Yes Yes Yes No
Energy sector Full sectoral For high/low- Several energy-
disaggregation carbon, intensive sectors
of the economy labor/capital-

intensive sectors
in the economy

Source: reproduced from Monasterolo et al. (2023)




